Octet hyperon charge radii are calculated in a chiral constituent quark model including electromagnetic exchange currents between quarks. In impulse approximation one observes a decrease of the hyperon charge radii with increasing strangeness. This effect is reduced by exchange currents. Due to exchange currents, the charge radius of the negatively charged hyperons are close to the proton charge radius.
With the advent of new facilities, charge radii of some hyperons are now under experimental investigation [1] . Different models of the nucleon [2] [3] [4] show that the negative mean square (ms) charge radius of the neutron r 2 n = −.113(3) fm 2 [5] is due to nonvalence quark degrees of freedom in the nucleon. On the other hand, the rms charge radius of the proton r p = 0.862 (12) fm [6] is largely determined by the constituent quark core and the charge radius of the constituent quarks. The concept of two-body currents as advocated for example in Ref. [2] describes this situation precisely. Exchange currents allow to relate r 2 n , the quadrupole moment of the ∆-resonance and the γN ↔ ∆ transition E2 moment to the ∆-nucleon mass-splitting. The SU F (3) flavor extension of this concept has been given in Ref. [7] , and has been applied to the magnetic moments and the magnetic radii of all octet baryons with success. Recently, the effect of two-body currents has been studied for the radiative hyperon decays [8] , where they are found to be crucial for the E2/M1 ratios.
The purpose of this short article is to explore how exchange currents affect the charge radii of the octet hyperons. The one-body (impulse approximation) as well as the two-body currents are sensitive to SU F (3) flavor symmetry breaking and strangeness suppression. The comparison of our model predictions and data may reveal the relevant two-body interactions and currents that should be included in an effective description of low-energy QCD. Charge radii have been studied for example in [9] by relating strong interaction and electromagnetic radii, in relativised quark models [10, 11] , the semi-bosonized SU(3) NJL model [12] , or three-flavor extended Skyrme models [13] [14] [15] .
As a consequence of the spontaneously broken chiral symmetry of low-energy QCD, constituent quarks emerge as the relevant quasi particle degrees of freedom in hadron physics. The pseudoscalar (PS) meson octet represent the corresponding Goldstone bosons. A Hamiltonian that models this phenomenon is for three quark flavors given by
For simplicity, we use a quadratic confinement potential V Conf . The radial form of the confinement potential is according to our experience not crucial for the discussion of hadronic ground state properties. We will discuss the sensitivity of our results on different types of confinement interactions, e. g. linear confinement, elsewhere. The residual interactions comprise one-gluon exchange V OGE in the common Fermi-Breit form without retardation corrections [16] , and chiral interactions V PS due to the octet of PS-mesons (π, K, η) coupling to constituent quarks (furthermore the σ-meson is included as chiral partner of the pion, while heavier scalar partners of the kaon and η are neglected).
We use spherical (0s) 3 oscillator states with explicit flavor symmetry breaking (m s = m d = m u ) and SU SF (6) spin-flavor states for the baryon wave functions. For the constituent quark masses we use m u =m N /3=313 MeV and m u /m s =0.55. The effective quark-gluon coupling, the confinement strength and the wave function oscillator parameter are determined from the baryon masses. A good description for the octet and decuplet ground state hyperons has been obtained. Hamiltonian (1) , as well as the wave function basis and the parameter fitting to the hyperon masses is described in Refs. [7, 8] .
Constituent quarks are obtained through the dressing of current quarks by their strong interactions. For an electromagnetic probe they appear as extended objects (see for example Refs. [17] for further discussions). The quark currents are screened by quark-antiquark polarization effects. This cloud of the constituent quark is dominated bypairs with pseudoscalar meson quantum numbers as sketched in Fig. 1 , leading to the vector meson dominance picture. In our model the electromagnetic size of the constituent quark is described by a monopole form factor [2] 
Guided by vector meson dominance, we choose an electromagnetic constituent quark size of r 2 γq = (0.6fm) 2 ≃ 6/m 2 ρ , independent of quark flavor for simplicity. Charge radii are calculated from the charge form factor
where the electromagnetic one-body and two-body charge densities ρ(q) = i ρ Charge radii are defined as the slope at q 2 =0.
(and are normalized to the hyperon charge where necessary). The various one-(r 2 Imp ) and two-body (r 2 Exc ) contributions to the charge radii are given in Table I . The neutron charge radius is well described by gluon and pseudoscalar meson exchange currents. This result is independent of the constituent quark size and the Hamiltonian parameters, but is strongly sensitive to the harmonic oscillator parameter [2] , fixing it to b = 0.61 fm used in our calculation. For the proton charge radius, we find r p = 0.807 fm with r we obtain r p = 0.889 fm. Recently, the experimental proton charge radius is under scrutiny. While an atomic physics experiment suggests a value of 0.890 (14) fm [18] , the experimental value from elastic ep scattering is 0.862(12) fm [6] . A dispersion relation analysis [19] gives a smaller value of r p =0.847(9) fm. Our results for the proton and neutron charge radii, the agreement with other models [3, 4] concerning the dynamical origin of the negative neutron charge radius, and our results for the octet baryon magnetic moments [7] give us confidence to extend the calculation of exchange current effects in charge radii to the entire baryon octet. In the following, we discuss our results for all octet hyperon charge radii relative to the proton and neutron charge radii.
In impulse approximation, SU F (3) symmetry breaking, i. e. the fact that m u /m s =0.55-0.6 as suggested by octet magnetic moments [7] , leads to a reduction of the charge radii with increasing strangeness content of the hyperon, and as a consequence the proton, Σ − , and Ξ − have successively smaller charge radii. This strangeness suppression almost disappears when exchange currents are included. As can be seen from Table I , the effect is largely due to the SU F (3) symmetry breaking in the pseudoscalar meson exchange currents. A relatively strong reduction of the proton charge radius by the pion cloud occurs, whereas the corresponding decrease in the Σ − (or Ξ − ) is mainly due to the kaon cloud which is a factor of three smaller in magnitude due to the larger kaon mass. Overall, the pseudoscalar mesons reduce the charge radii of p, Σ − , Ξ − by -.057 fm 2 , -.029 fm 2 , and -.022 fm 2 respectively. Due to the pseudoscalar meson cloud in the hyperons, the charge radius of the Σ − (or Ξ − ) turns out to be as large as the proton charge radius. The gluon-and scalar exchange current contributions, which when considered separately show strong strangeness suppression, are in their sum with -.027 fm 2 , -.020 fm 2 , and -.024 fm 2 for p, Σ − , Ξ − almost constant. It is important to note that for the hyperons the contributions of the kaon or η are of the same magnitude as the pion exchange currents. The spin-flavor matrix element of the pion pair charge operator for the Σ − is 9 times smaller than for the proton. In impulse approximation as well as after inclusion of exchange currents the Σ + charge radius is significantly larger than the proton ms charge radius. This is in line with the intuitive picture that the probability of finding the heavier strange quark is larger at the center of the hyperon whereas the probability distribution of the lighter u-quarks extends to larger distances. On the other hand, the CQM overpredicts the Σ + magnetic moment [7] , and doubts about the Σ + wave function in quark models [20] make the situation unclear. In the SU F (3) limit, the wave functions and radii of the Σ + and the proton would be identical. In most cases exchange current contributions reduce the charge radii as compared to the impulse approximation. At first sight this seems to be counter-intuitive, because one expects the PS meson cloud to increase the charge radius. However, closer inspection shows that the reduction is physically plausible. First, in impulse approximation the proton charge form factor drops off too fast compared to the dipole fit at moderate momentum transfers of q 2 ∼ 3fm −2 . After inclusion of the lowest order relativistic corrections in the charge density operator (due to exchange currents) the charge form factor compares more favorably with the empirical dipole fit even up to larger momentum transfers (q 2 ∼ 10fm −2 ). The slower decrease of the form factor when exchange currents are included is manifest at q 2 = 0 in the smaller charge radius of the proton. The same result is obtained for almost all octet hyperon radii. Second, one has to keep in mind, that a part of the cloud effects are already included in impulse approximation, where our modeling of the constituent quark dressing through Eq. (2) contributes r 2 γq =0.36 fm 2 for charged hyperons. Third, the spin S=0 quark pairs in the hyperons lead to smaller charge distributions. As we mentioned before, the negative neutron charge radius is due to the spin-dependent exchange currents between quarks, giving negative contributions for all S=0 quark pairs in the nucleon. The same effect holds true for all octet hyperons. For all decuplet hyperons, in which two quark spins are coupled to S=1, the net effect of exchange currents is to increase the charge radii obtained in impulse approximation (except for the ∆ 0 , for which the charge form factor is 0 even after inclusion of exchange currents, due to isospin symmetry). Decuplet-octet splittings in the electromagnetic radii occur through the spin carrying exchange current degrees of freedom in the hyperons. This is closely related to the decuplet-octet mass splittings caused by the spin-dependent potentials.
In our model, the neutron is the only baryon with a negative ms charge radius, while Λ and Ξ 0 have a negative square charge radius only in the SU F (3) limit. In that limit impulse contributions vanish, and the charge radius of Ξ 0 would be identical to the neutron charge radius. After symmetry breaking, the impulse approximation radii for Σ 0 , Λ, and Ξ 0 are nonzero and positive. The exchange current contributions to the Λ and Ξ 0 charge radii are negative, and drastically reduce the SU F (3) symmetry breaking of the impulse approximation. The confinement exchange current contributions to the neutral hyperon radii are rather large despite the fact that they are only due to SU F (3) symmetry breaking.
In comparison with other works, the orderings of the charge radii in Ref. [12] agree with our result, as can be seen from Table II . However, they suggest a negative ms charge radius of Λ and Ξ 0 . The Ξ 0 radius is positive in most models despite being negative (the same as the neutron) in the SU F (3) limit. The strongest flavor symmetry breaking is observed in [15] , while Ref. [12] exhibits only a small effect. We confirm the observation of [11] that the neutron and Σ 0 charge radii are similar in their absolute values, as opposed to most models in Table II .
The cloud effects in our model are large for the Λ. The Λ is interesting since various models obtain different signs for its charge radius. We have seen, that for the Λ, exchange currents cancel the impulse approximation to a large extent. The Λ charge radius appears therefore as a sensitive probe for model treatments of meson cloud effects. Some models observe (almost) identical radii for Σ 0 and Λ. In contrast to this, the big difference between Σ 0 and Λ in our model is due to the spin dependent two-body charge density operators, and is therefore of the same origin as the negative charge radius of the neutron.
Our model, as well as two rather different model treatments of SU F (3) symmetry breaking [12, 15] , suggest a small strangeness suppression of the Ξ − charge radii of less than 10% as compared to the proton. This is however not true for other Skyrme model results [13, 14] . Calculations that neglect meson cloud effects [10] find rather large strangeness suppression.
Summarizing, we have studied octet hyperon charge radii within a chiral constituent quark model including two-body exchange currents. For charged hyperons, exchange currents decrease the impulse approximation radii by less than 10%. This is consistent with our results for octet magnetic moments [7] , where cancellations among exchange currents give rise to 10% modifications. SU F (3) symmetry breaking effects as observed in impulse approximation are found to be weakened by exchange currents both for charged and neutral octet hyperons. The negatively charged hyperons have radii comparable to the proton charge radius due to the pseudoscalar meson clouds surrounding the quark core. After SU F (3) symmetry breaking the neutron is the only baryon with negative mean square charge radius, while the Λ and Ξ 0 radii are small and positive. Different model predictions of hyperon charge radii vary considerably in their treatment of SU F (3) symmetry breaking, in particular with respect to the cloud effects. The forthcoming experimental results for the hyperon charge radii provide a test of the concepts discussed in this paper, and will discriminate between different models. imp . In the next six columns the individual exchange current contributions are listed separately: gluon-r 2 g , confinement-r 2 conf , and one-sigma exchange currents r 2 σ , and the PS meson exchange current contributions r 2 π , r 2 K , r 2 η . The total hyperon charge radii r 2 tot are given in the second to last column. All quantities are given in [fm 2 ], except for the last column which is given in [fm] . Until now, only the charge radii of proton and neutron r p = (0.862 ± .012) fm [6] and r 2 n = −(0.113 ± .003) fm 2 [5] have been accurately measured.
[ [11] and results from the semi-bosonized SU(3) NJL model [12] are shown together with Skyrme model calculations, which use the bound state [13, 14] and the slow-rotor approach [15] , respectively. All quantities are in fm 2 .
